SYNOPSIS
The morphological changes in a patient with a generalized storage disease characterized by the intracellular deposition of neutral lipid are described. There is widespread accumulation of lipid in the cytoplasm of many cells and in occasional nuclei. Diagnosis may be facilitated by the recognition of clear vacuoles in the cytoplasm of granulocytes in blood films. In jejunal biopsies vacuolation of the epithelial cells may simulate the appearances of a-betalipoproteinaemia.
The lipid inclusions consist largely of normal triglycerides and are free in the cytoplasm, unassociated with any organelle. The biochemical basis of the lesions is uncertain. Although there are lipoprotein abnormalities the primary defect appears to be intrinsic to the cell and may involve either a defective cytoplasmic lipase or an impaired uptake and utilization of fatty acids by mitochondria.
Lipid storage diseases characterized by deposition of neutral lipids in the tissues are rare. Such lesions may contain cholesterol and its esters, triglycerides or mixtures of both. Wolman's disease and cholesteryl ester storage disease are characterized by the widespread deposition of neutral cholesteryl esters. In Wolman's disease there may be in addition an excess of triglycerides. More localized deposits of neutral lipid have been described in a number of reports: myopathies may be associated with abnormal lipid accumulation in muscle fibres (Bradley et al, 1972; Engel et al, 1970; Engel and Siekert, 1972) . Jordans (1953) described two brothers with progressive muscular dystrophy whose leucocytes and monocytes contained large neutral lipid vacuoles. A similar anomaly of white cells was subsequently described in two sisters with ichthyosis but without myopathy (Rosenazajn et al, 1966) .
This report describes the morphological features in a patient who showed lipid vacuolation of white cells, ichthyosis, and myopathic changes in association with a generalized neutral lipid storage. The clinical aspects of this patient have been described elsewhere (Chanarin et al, 1975) .
Case Report Miss G.D., a Ugandan Asian immigrant aged 22
Received for publication 24 February 1975. years, presented with an itchy skin lesion which had been present since birth. She complained also of menorrhagia but had no other symptoms and coped satisfactorily with heavy work in a laundry. Her diet was largely vegetarian but supplemented by some daily milk and occasional eggs. Her parents were not consanguineous. There was no family history of death in infancy or neonatal period. Examination showed a plump, healthy girl of normal intelligence withan ichthyosiform rash most marked on the limbs and abdomen. No other abnormality was found. There was no evidence of retinitis pigmentosa. The tonsils were not enlarged and were of normal colour.
The blood count showed an iron deficiency (Hb 8-2 g/dl) which responded fully to oral ferrous sulphate therapy. The blood film showed hypochromia of red cells; acanthocytes were not present. Multiple vacuoles were seen in the cytoplasm of neutrophil (fig 1) , eosinophil, and basophil polymorphs and in monocytes but not in lymphocytes or red cells. Tissues were obtained by biopsy from bone marrow, jejunum, stomach, rectum, liver, endometrium, vastus lateralis muscle, and skin. All tissues were paraffin embedded, and, in addition, with the exception of the jejunal biopsy, cryostat sections were examined by standard procedures for the histochemical analysis of lipid (Chayen et al, 1969) . Muscle fibres were typed using the ATPase reaction (Padykula and Herman, 1955) . ELECTRON 
MICROSCOPY
Peripheral blood buffy coat specimens prepared by the method of Anderson (1965) , small bone marrow fragments, 0-5-1 mm3 blocks from stomach, rectum, skin, and liver biopsy specimens, and monolayers of cultured skin fibroblasts were fixed in chilled cacodylate buffered 2-5 % glutaraldehyde (Sabatini et al, 1963) , washed in sucrose-cacodylate solution, and postfixed in 1 % osmium tetroxide in phosphate buffer (Millonig, 1961) . Duplicate buffy coat and bone marrow samples were also fixed by the combined glutaraldehyde-osmium tetroxide technique of Hirsch and Fedorko (1968) . All specimens were dehydrated in a graded series of ethanol solutions and embedded in Epikote 812, essentially as described by Luft (1961) . One ,um sections were stained with 1 % toluidine blue in 1 % aqueous borax solution for light microscopy. Ultrathin sections for electron microscopy were contrast stained with alcoholic uranyl acetate (Watson, 1958) followed by lead citrate (Reynolds, 1963) .
Results

LIGHT MICROSCOPY
In the sternal marrow lipid vacuoles were present in the granulocyte series, in monocytes but not in erythroblasts or megakaryocytes. Vacuoles were absent from lymphoblasts, relatively small and often solitary in promyelocytes, but more prominent in myelocytes and particularly so in metamyelocytes.
The jejunal mucosa showed a striking vacuolation of the columnar epithelial cells beginning about one-sixth of the way up the villus and increasing until maximal in cells at the tip (figs 2 and 3). Within an individual cell multiple vacuoles were dispersed throughout the cytoplasm. Paneth cells and goblet cells contained only sparse small vacuoles. In the lamina propria, scanty foamy macrophages were found.
Lipid deposition was present in the glandular cells from the body of the stomach (fig 4) but was lacking in the mucus-secreting cells of the surface epithelium and gastric pits. Similar vacuolation of epithelial cells was found in the rectal mucosa, most marked in subnuclear distribution ( fig 5) . Foamy macrophages and vacuolated plasma cells were prominent in the lamina propria ( fig 5) . Free lipid in the lamina propria was particularly well marked.
Liver parenchymal cells showed a fine fatty vacuolation together with larger fat cysts. Foamy macrophages were seen in the sinusoids, and Kupffer cells were enlarged and contained lipid droplets (fig 6) . There was mild portal fibrosis with the formation of short spurs but no evidence of cirrhosis.
Endometrial (fig 8) , in addition to those cells already listed, lipid droplets were seen in erythroblasts, reticulocytes, and occasional lymphocytes.
Surface epithelial cells of the stomach and rectum contained small to medium sized lipid deposits in the subnuclear region of their cytoplasm. In both tissues there was a progressive increase in the number of droplets per cell from the bottom to the luminal surface of the pits or crypts. Similar lipid droplets were seen in the associated goblet cells and argentaffin cells.
Lipid deposits were observed in cells of all layers of the epidermis but were most prominent in the stratum basale (fig 9) . Melanocytes contained small amounts of lipid, in both their cell bodies and cytoplasmic processes (fig 9) .
Within the lamina propria of the stomach and rectum and the dermis of the skin lipid was present in many types of connective tissue cells; these included plasma cells, mast cells, macrophages, fibroblasts, Schwann cells of both myelinated and unmyelinated nerves, smooth muscle cells of the muscularis mucosae (fig 10) , vascular media and arrector pili, and occasional vascular endothelial cells.
In the liver, in addition to the large number of droplets within the cytoplasm, lipid was also seen in occasional parenchymal cell nuclei. Lipofuscin was increased and many mitochondria contained crystalline inclusions.
Almost all the cultured fibroblasts examined contained large numbers of lipid droplets in their cytoplasm (fig 11) , and there were occasional nuclear lipid inclusions. In all instances the lipid within the cytoplasmic matrix took the form of typical triglyceride droplets without a limiting membrane (fig 12) . Lipid was not observed in any of the membrane-bound organelles, nor was there any evidence of endocytic uptake or lysosomal breakdown. In the liver, lipid droplets were sometimes partially surrounded by mitochondria.
BIOCHEMISTRY
Biochemical abnormalities revealed by clinical studies were described previously (Chanarin et al, 1975) (Jordans, 1953; Markesbery et al, 1974) , and similar vacuolation of white cells was seen in two sisters with ichthyosis (Rosenazajn et al, 1966 ). Myopathy has been described with marked lipid deposition in muscle (Bradley et al, 1972; Engel et al, 1970; Engel and Siekert, 1972 (Nicolaides, 1964 Striated muscle fibres normally contain some cytoplasmic lipid droplets (Prineus and Ng, 1967) which probably represent an energy store for the fibres. Non-specific lipid increase is often found in degenerating fibres (Reznik and Hansen, 1969) and is seen in a variety of diseases (Harriman and Reed, 1970) . Lipid accumulation has been reported in association with severe myopathy (Bradley et al, 1972; Engel et al, 1970; Engel and Siekert, 1972) but in none of these instances was there any evidence of a generalized defect of lipid metabolism producing lesions other than in striated muscles. Engel and Angelini (1973) 
